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?.*  This  investigation  ia  tart  of  the  general  Thermal  Radiation  Program  ori¬ 
ginally  proposed  by  COtHXKNAVSHIFXD  conf  ltr  S99/L5,  Ser  9(60-92,  of  15  Mar 
1950  and  formally  approved  by  BUSKLPS  restr  spdltr  S99-(0)(3l|8),  Ser  31*8-7$, 
of  6  Apr  1950*  The  general  Thermal  Radiation  program  is  under  the  supervision 
of  the  Aimed  Forces  Special  Weapons  Project* 

t.  The  Haval  Material  laboratory  (Htt)  vac  charged  vtth  the  dsvelopcwnt  of  a 
physical  method  for  evaluating  protect!®  afforded  by  clothing  under  intense 
radiation  at  a  meeting  at  AFSWP  on  2t*  June  1952*  The  request  for  this  develop¬ 
ment  was  formalised  by  AFSWP  conf  ltr  SWFTR  000.9  of  28  August  1952*  At  the  con¬ 
ference  of  21*  June  1952  arrangements  ware  made  for  the  cooperation  of  the  Atcado 
Energy  Project,  Uhiveraity  of  "ochestor  School  of  Medicine  and  Surgery,  to  ob¬ 
tain  bum  data  for  use  in  the  development  of  the  skin  simulant  ty  tbs  Haval  Ma¬ 
terial  Laboratory* 
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3*  The  thermal  radiation  research  and  development  program  is  under  the  direction 
of  T.  X*  Monahan,  supervisor  of  the  Optics  Section  of  the  Haval  Material  Labora¬ 
tory .  The  development  of  tha  NHL  BS  SXXM  SIMULANT  for  use  in  the  study  of  burse 
behind  fabrics  was  achieved  through  the  combined  efforts  of  the  perscnml  of  the 
Thermal  Radiation  Physics  Unit  and  the  Thermal  Radiation  Materials  Unit,  headed, 
respectively,  by  W*  L»  Dorkoon  and  R*  C*  Maggio.  T*  D.  Murtha,  Quy  P*  DdLbary  . 
and  T.  B.  GLlhoeley  perf  ormod  the  validation  experiments  sad  computations* 

INTRODUCTION 

h*  A  discussion  of  the  NHL  skin  simulant  program  and  the  associated  theoretical 
considerations  have  been  presented  in  previous  Laboratory  reports1*2*  In  INL's 
early  search  for  an  adequate  skin  substitute,  organic  tissue  (meat)  was  employed 
in  conjunction  with  certain  fabric  studies  on  the  protection  afforded  fay  heat- 
treated  Orion.1  The  inherent  disadvantages  of  meat  tissue  are  its  poor  handling 
qualities  md  unknown  variations  of  physical  properties  with  storage  time*  These 
deficiencies  were  overcoat*  through  the  adoption  of  blade  polyethylene,  an  organic 
thermoplastic!  material,  as  a  akin  simulant**  Although  the  polyethylene  was  modi¬ 
fied  with  a  coating**  to  match  more  closely  the  optical  constants  of  «irfw  and  proved 
satisfactory  in  many  applications,  it  was  deemed  desirable  to  have  a  substance  „ 
vhcao  optical  sad  thermal  constants  match  as  closely  as  possible  those  of  skin* 

To  obtain  a  higher  density  end  conductivity  than  those  of  polyethylene,  metal 
fillers  wore  incorporated  into  phenol,  urea  end  melamine  formaldehyde  typos  of  , 
molding  reaina.  Various  mixture 8  vero  made  which  gave  the  proper  thermal  response* 
Slowover,  the  copper  aid  sine  fillers  rendered  ths  substance  opaque  and  unlike  «v4p 
optically*  Inorganic  fillers  such  as  quartz,  talc,  kaolin,  zinc  oxide  and  silica, 
substituted  fear  tie  metal  filler.  Each  of  these  fillers  was  combined  with 
various  weight  percentages  of  each  of  the  formaldehyde  ccndensatica-type  molding 
materials.  Although  several  filler-rosin  mixtures  were  made  having  thermal  proper¬ 
ties  similar  to  those  of  skin,  the  silica-urea  formaldehyde  (1*0-60  composition) 
m3  selected  33  the  one  which  satisfied  most  of  the  required  physical  constants 
and  other  properties. 
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IHZSZOAL  CHABACTKHE8TLCS  OT  AM  IDEAL  SKH  SDtUlAIY 

$■,  A  material  to  replaoe  ikb  as  a  doth  backing  in  thermal  radiation  tom 
atndlea  mast  have,  in  addition  to  thermal  and  optical  oonstaota  ocagarsMLo 
to  those  of  average  htnaa  akin,  good  resiatanoe  to  thermal  abode  and  boat* 
Volatile  products  resulting  from  tbs  degradation  of  olotha  and  depooitod  on 
tbs  booking  must  bo  easily  moored.  The  material*  therefore*  mast  bo  mnaf- 
faotad  by  chemical  abluents  and  mala  fare.  KaaMaaMUty  la  desirable  to  ft- 
oilitate  tbs  drilling  mid  tapping  nsoesaary  for  the  mounting  of  oontaot  termin¬ 
als  for  attaching  theraoooopUa.  Molded  pleoes  hare  been  out  and  tbs  internal 
aurfaoea  highly  polished  to  obtain  smooth  faoes  against  vhioh  are  jOaosd  ther¬ 
mally  sensitive  indicating  papers.  For  use  In  field  exposures*  the  material 
should  withstand  blast  and  mechanical  shook  «ad  bo  sufficiently  bard  to  resist 
penetration  of  dust  and  other  blast  driven  particles.  The  basic  ingredients 
or  molding  materials  must  bo  raadlly  obtainable  and  of  known  purity  and  compo¬ 
sition  and  be  adaptable  to  the  usual  laboratory  mixing*  grinding  and  molding 
operations,  lbs  ML  B3  akin  •  indent  satisfies  all  of  tbs  above  requirements 
end  can  be  easily  reproduced  by  other  laboratories  md  commercial  adders. 

PABHICAHOH  or  BKL  BS  SXIN  S1KULABT 

6.  The  bade  molding  materials  and  equipment  used  la  the  fabrication  of  the 
eJdn  simulant  are  described  la  Tahla  1.  Per  a  20  gran  epeoimi,  12  greas  of 
resin  ad  8  grass  of  allies  filler  art  required.  A  batch  of  h  ounoos  In  a 
quart  Jar  is  mixed  and  baLl-cillod  for  approximately  cao  hoar.  This  is  suffi¬ 
cient  material  to  make  five  20-gram  pleoes,  each  measuring  3.8  cm  lm  diameter 
and  approximately  1  «  thick.  Tbs  veiled  mixture  (20  grams)  is  piLapod  la  a 
preheated  (275-290  ?)  press  and  mddad  at  this  temperature  for  10-15  minutes 
under  a  pressure  of  3500  to  l£00  psi.  The  pressure  is  maintained  until  the 
press  cools  to  about  100  P.  lbs  total  time  frea  charging  to  ronovd  is  about 
3O4i0  minutes.  The  adding  squipsenb  used  consists  of  a  snai-autooatio  metal¬ 
lurgical  spaoimoa  moulting  press  with  1-1/^*  di water  standard  add  dies. 
Additional  dies  coda  In  the  Material  Laboratory  are  down  in  Figaro  1.  Pre¬ 
colds,  using  a  1-lA"  mold  aescably  and  a  cold  press,  hare  been  used  as  the 
charge  for  molding  inserts  and  standard  screw  threads  to  which  may  ho  added 
binding  pests  for  thonaoooupia  EOmtiag.  The  molded  specimens*  although  hard 
«nd  abrasive  to  tools*  have*  with  oars*  been  cut*'  drilled*  tapped  md  s  ended 
to  a  glossy  finish. 

FRQGP-TESUHa  OF  KML  ES  SKIN  SIMULANT 

7.  In  order  to  validate  ths  physical  ddn  simulant  it  was  neoassary  to  cca- 
psre  its  thcrwal  and  cptdcal  constants  with  those  of  ckin  under  identical  e»* 
posure  conditions.  Tha  equations  of  Baattner5  vere  used  to  calculate  ths  kpo 
product  (specific  thermal  conductivity  x  density  x  specif io  heat)  of  £dr.  end 
tha  elauleat  fren  the  temperature  rias  taajsnsn  at  the  surface  ca  indicated  by 
a  fine  wire  thermocouple.  Bssttaer's  egression  far  this  product  is 

kpo  »  ItAlV* 
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k  »  specific  thermal  conductivity  in 

p  ■  density 

in 

l5  ’ 

c  •  thermal  capacity 

in 

^  1 

A  »  absorptivity 

- 

t »  intensity  o t  Incident  rediatiom 
la 

T *  time  of  exposart 

in 

(see) 

IQ  >  maxima  temperature  rise 

in 

CO 

The  KJw  product  for  haeanakio  »d  the  optical  oonstanfce  ^  ^SS*4 
earlier  hr  Hardy  and  JHL.“*?>8»  The  Kpc  values  for  skin  md  ether  material 
composition!  are  listed  in  ttble  2.  Tbt  Buettner  equation  *Ods  far  n»- 
penetrating  radiation*  the  HKL  uses  a  graphitic  blackening  agent  with  an  ab- 
sorptance  (A)  of  0.955* 

8*  A  second  method  used  to  validate  the  physical  simulant  was  to  compare 
the  tenperataro-time  histories  of  skin  and  »he  siwuLoixt  obtained  by  exposuraa 
of  each  medium  behind  an  opaque  doth,  using  a  f  ine-wirs  theimocoupie  on  thesrx- 
faco  of  the  simulant.  Typical  temperature-time  history  azrres  for  four  situations, 
blackened  skin  and  blackened  simulant,  mneorered  and  cloth  in  contact,  are  present¬ 
ed  in  Figure  2* 

APFUCAHOKS  OF  UiL  IS  SKIM  SIMULANT 

t 

9.  Although  emphasis  is  placed  on  the  simulant's  use  as  a  sub-fabric  burn  indi¬ 
cator  in  protection  studies,  th-  therwoset  skin  simulant  say  also  be  taployed  in 
investigations  to  determine  the  interrelation  of  emriroasaatal,  source  and  material 
parameters  associated  with  insults  of -radiant  thermal  energy  on  organ!  '  materials. 

As  a  backing,  for  heat-reflccting  fabrics,  rubberised  diKhs,  flameproc.-  ed  materi- 
ala  ^  special  coatings,  the  simulant  with  its  integrated  thermocouple  .iay  t«used_ 
to  determine  th*  thermal  absorption  and  combustion  characteristics  of  these  materials. 
The  skin  simulant  may  be  used  in  conjunction  with  thermal  indicator  papers  placed 
within  the  simulant  block,  in  field  studies,  eliminating  the  need  of  active  in-  ^  , 

stnmsataticn* 
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MOLDING  MATERIALS  AND  BJUIiMENT  USED  IM  MANUFACTURE  OT 
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Beetle  Molding  Resin 

- C3OT - 

Flow 

Batch 

Typa 

Supplier 


MOT  32  Ircry 
Vary  Soft 
LK-299 
Powder 

American  Cyanamid  Co* 


Silica 

CKemioal  Formula 
Formula  weis»t 

type 


Mash 


Cat.  Mo. 
tot  Mo. 
Supplier 


Floated  Powder 
About  2hO 
S-153 
751126 

Fisher  Scientific  Co* 


*  Bolstered  Trade  Name  of  American  Cyanmld's  Alpha  Cellulose  Urea  Formalde¬ 
hyde  Molding  Resin. 


Prose 

trpa 

Mold  Sises 

Hama 

Supplier 


Semi-automatic  Compression  Molding 
1-1/2"  and  1-1  A"  assemblies 
AB  SPEED  PRESS  MO.  1330  ‘ 

Boahler  Ltd.,  Evanston,  HI* 


Thermocouple 

iypo 

Wire  Diameter  (before  copper  plating) 
(after  copper  plating) 

at?  Constant 
Surlier 


Cupron 

.002" 

.003" 

27  c/tav. 

Wilbur  B.  Driver  00* 


> 


r- 
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THE  KpC  OF  SELECTED  KATETHAL  CCt'TOSIlIOlB  EKPWffifl  II 

mt  smt  sgmEAKT  umxmm 


Per 

Per 

cent 

cent 

(By 

* 

(By 

Resin 

,  „  ,(1) 
Polyotiiylona 

Bakolite 

vt.) 

Filler 

vt.) 

100 

Carbon  flack 

1 

100 

(3) 

Helnao  IfO 2* 

100 

rnrnm 

Holmac  )*0l* 

75 

Copper  Dust 

25 

Melmao  10?? 

100 

— 

(U) 

Beetle  C-i-0? 

100 

mm 

mm 

Beetle  C-509 

75 

Quarts  Powder 

25 

Beetle  C-509 

75 

Bakelite  \ 

25 

Beetle  C-509 

75 

Copper  Dust 

25 

Beetle  KUP-32 

100 

- 

Beetle  HUP-32 

75 

Silica  Float¬ 
ed  Powder 

-  25 

Beetle  MUP-32 

60 

Silica  Float-  1*0 

ed  Powder 

Beetle  HUP-32 

50 

Zinc  Oxide 

50 

Beetle  HUP-32 

50 

(Quart*  Powder  25) 

(Zinc  Oxide 

25) 

Human  Sldn 

— 

— 

Human  Sldn 

— 

— 

Holding  Data 


KPC 

Prea- 

P  1  sure  Tbap. 
(gn/cm3)  (PSI)  (*P) 

Hm 

(«dn.) 

It 

1.0 

— 

— 

9.1 

1.93 

row  m 

t 

It.  2 

1.1*7. 

Rood  305 

ID 

7.8 

1.82 

llOOO  225 

10 

5.8 

1.1*7 

hooo  300 

10 

5.8 

1.1*0 

ItOOO  3R0 

10 

8.5 

1.60 

1*000  230 

ID 

7.5 

***\ 

V\ 

• 

r-i 

‘  1*000  220 

ID 

9 

1.96 

3-1*000  250 

8 

5.3 

1.1*6 

1*000  270 

10 

6.3 

1.65 

1*000  270 

30 

8.5 

1.82 

1*000  270 

10 

8 

2.35 

3-1*000  225 

8 

9 

2.18 

3-1*000  225 

8 

9(5) 

(5) 

8.6 

(5) 

Hardy  — 

(6) 

Naval  Material  Lai 

ffi 

(3) 

(W 
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E.  I*  dupent  de  Nemours  &  Co.,  Inc.,  Kilmington,  Del* 

Trade  rme  for  phenol-formaldehyde  molding  compounds  mfg 
Co.,  New  York,  M.  Y.  _  .  .  .  . . 

iradc  name  for  melamire-fannaldehyde  molding  compounds  mfg*  by  American 

Cyanamid  Co,,  New  York,  !u  Y.  ,  .  ,  ,  _ ,  ' 

Itad©  name  Tor  uyGarfonnaldehytio  molding  compounds  sug»  Py  Attsricd 
Cyanardd  Co.,  New  York,  N.  Y. 
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